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] **#SS±l:MOS h7>vX>t* 

fMR<!:. 
*frB<fc. 

±EV-x/ K >j£#£iic9 iot»T5J:5 tc±ta 

[«*«2] mm^mftmo. mess i aisBfrBo 

cdi^^iit^i^ 1 lcE*<z>¥3*#E«SB. 
W*«3] StTE¥WffH«. WE¥*ff*S±«cfi 
fi-r5ffl5#£. flJE*l<Z)««#B<&±aHcffiBT*ffi 

SS*« 1 «cE«<0^WffEttK«. 

IT4B»*<xh:^*yt^S IffiB* 1 <0 

l KE»a>¥»#Eii«B. 40 
[«f*«5] ¥W#*«±«CMOS h^>:>'X^£^ 

#E1i«B<0«ffl:#i£«c*^T. 

H#ix^>^t;: < fc9±E*IRlr*r/V>*ffl(Bm 1 (D 

±E* 1 ©»<OJ:«*»0^fcrt«iH**6±E*tSrt^» 
1 £ (iK*f«®S!0)3l 2 SfSW^^M $ 
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±E* l a)»fl!)T»«)rtWffiS!B^ J:o«clB l v>mm 

i"> ±E*r/1->5^(0»Rl*ffi± L Tffll^^iSSS 1 co 
W«*B«:»rt-raxgi, 

±E«<7) ±SB0>rtHH*«-5 cfc 3 \ZW, 2 <D&akm£mtit 
±mm 2 <0»fi»«THt)*ifc±E«rt±»Sa!a&-2)«l: -5 
±E*2<OW«{*IB«:atr±E«S±(r#aitt:)H : !&«Btc 

±es 2 o)*««:ii±jnaii-rs±E*«#JHtcgs 2 a® 
lit, 

«£fi8^±E*3l#S«tCjtt"S<fcotc±E¥lBflclB«c* 
a#lc:5j*J-r*xe«fc, 

±Em2co«p*g^^KTffifi6T, ±E1S&:a>B&#(c# 

±E^- h««*VA^(3ffl^T±E¥**B«ca«W 
1 »1S«)^«« A L TM O S h^>>*X^CO 

v-x/ k w >ffi«B**fiK-r*<fcraRFiccia)y— x 

/ K U< >ffi»BOC»m^-**±E*ffi»«B<tB 
T*¥»fMB«SB<B«ig;&ffi. 

KE*o¥W*E**B0>»ifi2Fffi. 

7W77XS i BtJtarrsxai- 

d<hS»»tT*»*«5«cE«O**»E«»B<0« 

M££8] ME¥«tt£«lc:. MEttlKBtlBStt 
JC»l*TS»2«Ba!Offl»iA^if£«#Bs»j5K"r'5X 

¥##E««fi(BJHiS;frj*. 

[0 0 0 1 ] 

anfc^<^-5y^ffl«)*««eEiftSSB (DRAM) & 
[0 0 0 2 ] 

^ U -t ;Hf? jg t L T * r a° > 9 & h 5 > v x 57 w ± (; f B 
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hU>f (31) £!EoT^<7}ftig£^/V>^£ LTffl 
.^o iiii. r U > -i=-sa-t:;H±3l<7)gES*:S<f SS. 3f 

[0 0 0 3] $bC. h lx>^S!ir;Klli. hl/>frt 

(I Lfc^oljX h z> y 'JWyk (surface strap scheme) 

h: side-wall contact) LTHf"€:S^t§ J: 

^Cl/:B S*gjH (buried strap scheme ) 

2 5 6Mt'7h«t«DRAMTU flffi* h ^ y 

[0 0 0 4] 20 

MOS h7>yX^0y-hlS<!:^^hl/>f 
(deep trench : DT) £tf)ra<BKlli&il8#£ d 

«t* £ t ^ o nH«f£ o 

[0 0 0 5] #JxJ£\ I EDM 1993 . Technical Digest P 
aper, pp627-630 (Cte, h l/>^t^y^Wlll/- 

ch£BS (buried strap) &m ^T&m-t&J: o iZ Lrz 
ffi^SSBSO. 6 MmSJStZ^jBSSnTl^^T. MOS 

mzu-iT, DT«<oi£«jBag$*jj«<&o, /i>^x 

tt, MOS h^>^X^(7)y- h-+ffi«r£ SICffi/Mfc 

[0006] cwctiftBsii. -twas^it 
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T^/c^il^S T I (Shal low Trench Isolation) £ 

»!-i4tST . ^jct : : J n >StftStic«t /C,i7X-;; 

[0 0 0 7 ] fCT, SEG (Selective-Epitaxial Gr 
owth) fitffiSrffl^T, ffittS^ch h l/>^+^/\ c '>^C7) 
X h U-fxV- K±«Ixe**->-r ;i/ffl£flgBtEL. ceo 

ct^CLfcSS^ 1995, Symposium on VLSI Technolog 
y Digets Papers. ppl37-l38t3BB^$ nit^, 
[0 0 0 8] LfrL&ifib* ZcaXSfrcER^nfcfcw 

Si, Xt 8 ^^^^;Ull(D^0O^{3^^@S/f ±lCtf 
U'>U3>H^J5!cfi"rSo iMOShy/yX 

T^ B B B ttco^^s il (M H B B S i) ^^*;ko— « 
IC&oTL*^ MOS h7>yX^C07-X/KK 

[0 0 0 9] dO)5BWi±IB^J:'5a:*fll€:#«LTa: 
[0 0 10] 

Ktt. ¥^^S1S±irMOS K^^X^ch^ A°~>^ 

ESfiJC«fltatlfcj»t, ±E*0>Tffia>i*ijgffi£?55 
<t-5lc»jB£Snfc»l afgillURc!:. ±E«0>±85<Z>l*3« 

i3^^T±8aai(Z)««iK*«ai)«)«t5«c»cte»n, ±e 

t, ±E»rt<Z)±E*l(Z)»«<*IBJi-C±eiB2<Z)»» 
K*««6*«t'5(Cia:ttSnfc*2<Z)W«ft:«i:, ±E« 
<0T«ftHttJ:5^±E»tElc»j«snfctt«««t, 
±E®2^a»«ft:BS:^tl l ±ES«±tZ^J5Jc$nfc#W 

±E¥«i*JHa«-t(DT«fcBiRW«3«jaca 
j&fS^n, ±E¥*ff)isa»<o««tw»«i-rs* : f» 

Bte<h. ±E*«ff)HS:^trlIrtfC«i5ESnfc±EMO 
X/ KM >ffif»^c^ 1 "3i:«-rScfc5IZ±E#Wf*:IB 
E*«««fflWIB#Ht*1B«W<C«ttTsaB5iS3l«B 

[ooi i ] z<Dftm<n*mmzmmm<nmm?jmz> 

#®^Sffi±lCMOS h^yy'X^i^tA'y^^b^ 
S / ^ U iz ; 1/ £ K gefia «fH L T * # «| ttEffiR Sl 1 « 



(4) 



10-321813 



5 

Sg 1 ©as»jjt$l8i. ±ES 1 <0fll<&±aB£l*l-> 
fcrt«ffi**S±E»«rt(::S l W»ffl<t(4S*fW*S<0 

tc, ±E*WV>*<75*«*S£LT^&n*SSl<B 

3J;pK*2<BttllH««:»j«T*Xg<fc, ±Efg2CD£6 io 
»RT»taftfc±E»rt±»£S#*«k 5 dig 2 <D*Sm 
*iS»«tSIi<!:, ±E»2<0*«#JI*$tJ±E 

&fa±iz¥mi£m&Wf&-?z>3:mt. ±$zm2 commit 

<Dftz2<Dm&MtiiLT* ±M¥mwm&mwL<DUwztt 
**©»#ic»«ysnfc*«fle«*««wtc»iBr«>x 

Set, ±E^I±i:^r-hl6M^^lTMOS h 20 
«® £-^x ^ teffl «riT±E*«<*»(ca«W«cJB i 

*t«ji©^rti^-**±E»m««»<t«3Cc o ^ ^ ct 

5K»fifrr*XS<t***LT^*. 
[0012] 

0. 01 (a) [12 b*»y h^CO^^rUir^K^U-rT^ h 
^TtA^->?Ii, 0 1 (b) I1H1 (a) 
b- I b»lc»ofcBfrBJia. El (c) (a) 4» 

CD I c - I c»lC«Jofe»ffiiaTfe^o 
[0 0 1 3] Ml (a) f . 1 KiMOSh7>yX^ 

^f^i^^o zcdtztj i in eii 

(a) tCTKl-ct^C^MC^oT^ 0 , H't'CD.LT^- 

tt, *^/tx^&«jBjc-rsfc*(OiSg^i h U>^- (deep t 

rench : DT) 1 2 7»^tft*"nEIBSftTlr>5. 

Ell (a) -S«*mt'(WEl3ll HI CO* 

S. 

[0 0 14] PSiCDS ilfi (P-sub) 2 1 rtlC 

SJCQil^iA^Jf (N~we 1 1) 2 2«$nw 
S^H/^ (deep trench : DT) 1 2 11, ±E 
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Sai>i&*»2 2 SSiiL. te^±i£ffil£2 1 rAjlIj^t- 
S^of-^tfcetlTl.^o itehU>f 1 2 0D±g|5^p$ 
</iScos iS&2 lflldtt. *r>v>*<B»fafB«i 
&*NS!<&i£»H2 3*s»Et$iiTt^. ;ia>4£flSJB2 
3<B-BBtt±E*I#j&*JB2 2 t*-A-7 7^LT, 
«»Wi::««LT^*. *fc. ±EhU>^l 2<D&m 
rt>b±Effl«!>i£^J12 2(Dii4 J ^-(?(DP t fJfcfi^'r^ hi/ 

5J6»B2 4*«»jSStiTt^. dO)«6jRlB|2 4 <h L 

JP<BNOK, t>L<HS i O2 ®I> XliTa-j Os 
BTS ( (B a, Sr) T i O3 ) Rlf^ttfflSns. 
[0015] ±ElfiftBR 2 4 -eHfeftfc±E hl/>f 1 
2<D»»t«*«J:5«i*«fas/ij3>Bl2 5^/££ 

nx^^o z<D&$£&z/*jzi>m2 sizit^^^mx 

IBhU>5 1 l ■ 2<7)rt«®^*5^T, _bE«fMN2 4 Am 

O2 Bi2 6W$nTl^o -CDS i O2 1312 6<7)|Jsj 
Sft 9c(Dt&mm2 4cfc0 fe+^(Ci¥< (50~70nm) 
StlT^S. ±fi*efly>JJ>i2 5±(08D 

M$ntl^ 0 ^O^ISflyU D >m2 7 tCfc^#E4* 

[0 0 16] ±E*ttftvUn>l*2 7±£^frS i S 
ffi±ffi{CHK/S^50nmgS^S i 2 8^^J5£^tlT 
US. ±ES i JB2 8te, S iSfi2 1±Tttie^ + 
'>t^S i HIC, *jBS'>'Jzi>IK2 7^S i SI2 

-fm^Ll lit Z.(DS i B2 8&&tSJ:olzmtiL2tlT\,* 

[0 0 17] Sfc, Bttt5 2^C hl/>f 1 2 COraJC 
{1, ±ES ig 2 8£Ki§U JBcffirtU:f2S#>i&^JI 2 
2 Ji(lfViST^««2 1 (CitTSST Ifflc^hl/yf 2 
9rt**J5£S*lTl>a. CCD h U>^2 9CDgg£H, Si 
12 8 0»b 0. 2MmgJST*feSo ^bCCCOh!/ 

^r^f ^{|« 1 1 SAW fete, ^cohl/>f 2 9J:Dfe + 
»tC«l^ (^30nm) hl/>f3 0«$ntt^ o 
rLT, ±E h U>^2 9&tf 3 OfifCt-i, 3t®7^F±£ 

itzntzs iov 13 i^a»iiint^s. 
[oois] ±es i 12 8±tcti-^n^ny— 

>. ±B*«WS i *^&*2Hfl»ifi<OlBJBIKiCctoTt« 
iSSttTH*. ^nb^y- hfE^^{*:3 3 11, 11 
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(a) iZ^TJ: r> CK^Ci^tl^c 
[0 0 19] Sfc, ±ffiy- h»*#»3 3(7)TSSlCia: 
^-r^>±SBS i Jf 2 8 CBMOS h 5 >y7 ^CO^-r * 

IBS i ^2 8rt«-(4, Nffl^«ft*«*ASftfcMOS 

Tt>5. &*3. ±IBB«-rs h U>^- 1 2C0±gp 

l:EBSftt2^y-Htfi**3 3tl Bl (a) 

^^ufc2o<o^^Eu-fe;na«srjiia-rs. BSLttir* 

1 (b) d^Tci:^ tl, i!£STIffl(^hU>f 29^ 
CXhU>^3 0£«»*«fc3i::*JSSftfcflMBS i Oi 

m3 i ±i;M^nti^o 

[0 0 2 0] ±fiy-X/KU>f >ffittH3 40)5-6, 
h 1 2«(cElt2nT^*fc(0<fca&9^5 £5 

BMBS i H2 8rt«Cl4NS<O^IC***aiXSnfc« 
Stgl^Jf (surface strap ) 3 5«Stitl^. - 
3 5 tt, WrEhU>5=-l 2rtHl*BKS*lfc 
Mi'> , J3>i2 7<!:, hU>^l 2«(lBE«3*lT 20 

^&±tev-x/ k u-r 3 4 1 &m%m\zmm. 

EBSftT^S V—X/ K Ix-f >ffi^/S 3 4 ch^mmw 

[0 0 2 1 ] ±|Bfty- h*®ag^3 3 ±t:«S i 3 N 

4 fr*>UZ>**v-?1&1gkmz 6 7W&150nm<DIB»'r« 

5 i3 N4 *>S&*AU7lft»BS3 7«^nti5 30 
0 , $ S (C«-y- h«««#ffi5Pfl(0 A 'J T*ft»Bt 3 7 
±l:llBPSG»3 8^IBfiEgn, ^OBPSG!38 
±£$&£HlCteTEOS S iO'i 13 9««»(ESn 

[0022] fit, 01 (b) +T«t*iRycBM»-r* 

/KH>M134CIi:§3>^^ h^-^4 0 
±IBTEOS S i Ov i39, BPSGJJI3 8 & 

e7h7-f>D>^^h4i«$nti^o sec: 

±SBTEOS Si02«3 9ti:«HAtf* >^Xf 

> (w) i^sftst^ >4 2«^nr^ 

£<, :wt'7h7-f>4 2ll ±IEtf-y h^-f >n>^ 
n41 Sr^LTMIBV — X/K W >*t»H3 4 (I® 

[ 0 0 2 3 ] ±8BmT3S:**»fle|Btt«B(0^ ; EU-t 

(1) MOS h7>yX?OV-X/KK»l!;ftB3 50 
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( 2 ) 25 [Hi nr? 3 ."*> ;t t: i C . ■ -£> i^J 'J 6 , S J - 
12, MOS h7>yX^0ft*)^7- X/ KK> 

(3) SSi»«»3 5A<, iJ/JWDT/^- >±i^gaiS 

coy- hfl^3 3<0TS£oT(r**,£ o 

(4) ^EffijSH3 5rt*S i S?2 8 4 1 (17^2 tit t ^ 

[0 0 2 4 ] ±E<Oi-5 34«*a)^W«:iE1B*IB«Cct*l 
tf, MOS h7>yX^COV-X/KK >4£ffiJH3 4 

B12 5 £<0«ttS:«ffi«i*IB3 5 Srffi^TfTO J; 3 (C L 

^(DftfztfMOS h^>v ? X^COV— 
h»«*ft3 3<t KU>^1 2 «!:(Z)Pp1<7)BE« (B 1 
(a) 4"i:ST^Lti-^) t^T 1 **. ffj 

[0 0 2 5 ] Sfc, ±tB^ffi|ggg)f 3 5£S i Jl 2 8 |*J 

[0 0 2 6 ] S^tC. SE*<B.fc5tt. BftTShU^ 
1 2<0«lc*e£S*lS«(rilj-f h* 1 ?* — ;H£tS[IH*»5B 
t~^£^7^fc^C7jT\ ST I Jf] CD h U- >^ 2 9 £: 

*dt75*T*, MOS h^>:xX^<DkH4fa±£EI£C 

[0 0 2 7 ] ^b(C, 01 (c) iZ^Zft&^oiZ. S 

i Ol> B.3 1 ±(zttS i 12 8*«gffLT^a:l^ 
Wtt-TS^^EU-tJKOS i 12 8R|±7»*i8tt"r-5^<i:f4 
7i<. S-^^EU-fe^U^WtfiE^n^S iffl2 8fiS i Ov 
^3 1 IC«t-DT*«W(C»«SnT^-6 0 

[0 0 2 8 ] *JCH 1 (C^-t^O&D R AM<DKifi55ffi 
(C-^^Taft^T^o St". BI2(zS?-r«t-5t;, P^ctds 

iM (P-sub) 2 1 a)±aB(I«A«-< t>aA?£ 

m&&&m (N-we 1 1) 2 2^)Mt^ *CS i 
St5 2 1 co^[fi]±{i h U>^X-y^>^]C0^x^/gJ^ 

S i Ov 3^5 1 , M 100nm<7)l^si^(DS i a N.i ^5 2 
RCXW 500 nm(7)^WcOTEOS-S i Ov !5S (El^it 



(6) 



10-321813 



9 

[0029] fit. coDvx^jf £sh>ts i mm 2 

l$rX«y^>^L, ^8ym(D^$^l4l^>f (D 
T) 12^Mn e $bCShl/>f 1 2<7)|*]g&^£> 
S i S&2 1 iZttLT^mW&ifci&Zit-Z* hl>^l 
2 (D±.^m^tz h l/>fOT(7)S iS*£2 lflNSiCD 

M12 3^Mn o C<7)#;f&/i2 3 12, h^>f 1 
2 0^£^t^ffi[IN§^|$^£ LT^JAi^'A s ^ 

tfA s SGMtSflMUL, CCDA s SGl^ hl/>f 1 2 

s^Si SIS 2 1 ^{Cffim^it^Cchd^O^rt-t^ io 

ft!i<7)^rffiS:ffllr^Tt>Al^ ±8EffilttlB 2 3 ©JBrictS 
teA s S Gl^Bit^) 0 ^il, ±|H h 1 2 ©ft 

* r /t v 3^ ©*ir^>'^il6ai«<t 

fti!»I|El?«A«BlJ»3&f4-5 nmONOi (S i O3 
Na m<tS i 02 flSchcoffl/igl) m fcL<(iSi 02 
XttTa2 O5 BiL BTS ( (B a. Sr) TiO 

[0030] m*x* ±mt&mm 2 4 x*mt>titz±%z b 

l/>f 1 2rtl:M/>f*t/V>*Of*ti(!:a4* *° 
*Sii~> l J=i>Bt2 5*»J«-r*. CI (DISSS' Ud>BS 

2 5O±iB«SiSi2 108B*5i«S LOwmiSE 
Z-<D&1£&is0zi>m2 5(1 CVDSCct^) 
*£lf<hCMP (Chemical Mechanical Polishing ) 

^UTMt^o &*5. Cco^^b s b'>Uzi>^2 5(Z 
T fgffifiift; $ ftfc*«fi > U =1 > LTfefitiL, 

[0 0 3 1 ] ±Sd^^ B B B>' i J^>^2 5<B»Bfc»(i, h 

4^iLT, ±IE M/>f 1 2<7>/EBS^SS»ii*» 
2 2^i^4 I ^TCDPpT[C{i^-r^ c t : 9{C$6af^2 4&a 
To 

[0 0 3 2 ] m 3 C^^C, iffi{:^50nm 

>^LT, hl/>f 1 2 0>±«1M K^*-JU±(3*e« 
^€r?5LT*7-«lg:lR (collar oxide) 5 3^Mf 40 
£ 0 

[0 0 3 3 ] B4I:/tT J: 31c, ^ffilcaKSitv 

'J3>i2 7 &mmvtz'i%L. CMPM^R I Er£lc<£ 
0, S i SfS2 1 <7>*ffl£Kt£Hi;BS£fc*S-ex-/ 
f>^lt 1 ±t^bU>^l 2rtlC*«Ji->'JCl>K2 
7 ^^to CCDch^, HP* ICS u 15 2R^(D 
±C0TEOS-S i Ov «|t)Bfe*-r-5. 

[0 0 3 4 ] &*5 % ±&&&ihzsi)Z2>m2 7\Z$>^m 
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Wift^Jira^(lT«tt*»ATSZi{lJ:oTflSitt*/c 
> K — y^SSffl v U 3 X&JftfftfSJCA s ^**E$*g£ 

[ 0 0 3 5 ] #{C, Nft*WyPftWMOSh 

SrfrSfca&lC, JSStlfeS i Ov B§5 1 S^rLTSlT 

m^^y^s ists2 1 a>«asjB«tcj£A-r5 uii^- 

iff) o *<BIBL Kt^^^A-yD^r-f^SJBJEilc-r* 
(Cfi, B (BF'i ) (A s ) -f *><0fttoOlC I n 

[0 0 3 6 ] #fC, H5lC*-r<fc-5{3, CMP-ffiSfcli 
r> x , y hX7f>^l:=fc(3. #7-*fi»HS£5 3 COS 
i SS2 1 ±^b^ttL£gf^(D^£l&£U 5 6 (C S 
iOvi5 1^SL, S i Si2 1 atf*<g«>'U n 
>§t2 7S^7-iW5 3^-tl^ncO^ffi^rftttl^ 
it, #J;U£ 850X:OHv ^XfIMi:^t^T3 O^fllK 
^rS«i s £ jgf c t ic J: o T m ffi L fc 31 Ru £ iff ( :t 
£ 0 mi^T. mz-HFTP (Fast Thermal Process too 

1 ) iCcfcO, SiS^2lM^ay | jD>i2 7-r< 
®^^tr^[S{CT^;U^7^S i K£tt6Onm(0|RfflC 
itll-T^c flt^T, 7^^77X3 i R^itlLfcHi; 
FTPSffltit, eOOTCOA r #^»H»(C*3 

^T»40»<oao3»«aa*ifi-rc:<t(c«to, s i-s«2 1 

i07^77XS i K*Xbr^4->-v;U»*$OS i 
I2 8C^5 (UT, C^Xf^^v-v^l/H^r^trS 
i!2 8^Xt^ + yt^S i|2 8 £W?Z>) 0 

[0037] ::t\ asoj:5i:xe^*yt^s i 
m2 8<D\mmit. s i sis2 i iciiit^a^^, # 

*WlC«L<&r), ^oM B 0 B yU3>,l2 5, 2 7 CO 

[0 0 3 8] hU>^l 2WO#M>"j3>l 

2 7±atfj»»R5 3±0)7^7 7XS iRH 

^n^fctex t°^*:>-wi/S i H(w2fk-t*-r» 

7 7XS iK^*«ftS iRtLTa^ L^L, _hlB 
fffijM-hCOJf MOS h ^ >^X5 7 C0^ 1 ^T^Uch LTfl! 

*>-WUS i SfiftSffifflLTIt^ + ytJl/S i il 2 
8e^t§:it)T't^o C<7)d:#<Z)rtfifflffitt 560 
tTSO, S i H4 ^Z^fifflSilS. 

[0 0 3 9 ] ^IC, Hi 6 (I^Tcfc^lI. 
^5SijW|T^^^^^Uiz^c^fc56(Z)y--- hfBffi*fl:3 3 

(Hiiria*) Ji»*5L>tficB(iBHa**r-r-5. s io 

2 R5 4MS i 3 Nj |R5 5^b7i^77^J0^M 
L . C O -7 X ^7 S £ |f j ^ T N m CD T *E 4*1 -f 3f > * X hf ^ 



(7) 



10-321813 



11 

&TfofVTZ>. "tmZAZ h u >?-&m(Dx.y i?m\< ft 3 
±5i:x 7 f>m**saSLu. ft*. (16 (a) 
iimjISHIl (b) <^)»r®|g|(z*HS:LT*3 0. H 6 (b) 
ttffiSBHl (c) (BKffiHlCttfcLTtr**. 

[0040] ik\z* mi \z7tt&o\z. mm-tz>b\/> 

£«JffiU hI5 7 6ffl^ft#lRttR I E 

mz^ o ±mtfi:mm s 6 rwot»o) siSS2i^ 

200nm?IJgX«y5 1 >^LT, ^glfflCO S T I ffl h 

< ft £ J: 3 tc x y 5=- > * L t CO 
X«7^>^*{3cfc0, SiI5 6^b^^)»Il (su 
rface strap ) 3 5«$tl§„ ft*. i7 (a) 13 

MriEHi (b) (Dmmmiz. m7 (b) hbmbbi 
(c) tDKmmiz^n-etittfcLT^Zo 

[0 0 4 1] *C, 0 8 13^^31^ JifBUv'X hJf 20 
5 7«BSLfc», Affiles i 02^3 1 **wau c 
MPffi«C±OW*LT¥Sfk"r*Clt«C<tO, CCDS i 
0-M3 1 £ST I m<DhU>^2 9RtfhU>f 3 0 
rttcco^ST. ^^CMPffilCckS^Faft^RStc, mite 
S i3 N4 !5 5(iX h7/WtLTfiffl*n5. Tft 
t>*>* S i O2 R3 1 ICtk^TS i 3 N4 R5 5 liffiB 
^ngil^T\ Si02l3 1^?iBWM$n>5o 

s i3 is 5 Wtrgffc-T 

^^^ft^DilX^^-^^^^ft^COT 1 . — SLfcffii 
mtUZo ft*, 08 (a) tt/t^ — >3pffiH, i8 30 

(b) «0 8 (a) ^<DVl\\b-V\llbmzfe-z>fzmM 
BL 08 (c) [j:18 (a) V 1 1 Ic- V 1 1 IcttlCitt 

[0 0 4 2] C<7}?£[3:, S i 3 N 4 IK 5 5 &tf-?-<£>TS& 

<os i 02 IK 5 4*BiLftft:, Siit6 2i±i:y 

— MittSHLfH (gate sacrificial oxide) ^ffML, 

132, y— h««*#3 3Xtftt lSOnmCD^ipCOS 
i 3 N4 *^SS*t7y«8ii3 6£t£@U BflSro 

y-x/FK>ffli3 4wn. c v 

-XX K U-f >ffifaJI 3 4^1 ^ttBSrE«ffif«ttB 3 5 
[0 0 4 3] ^GDf£, M*tf30nmSK<7)BiJP<BS is 50 
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N.j ^bft&^'J T|gtRHi3 7. PJAti aOOnmSi/JgCO 
P 5 GM3 8 SrJflfflL. CM PriT^MQfLLfc 
?£> TEOS - S i On ff£3 9 SrMAlf 300 n m Blflg CD 

Bi/5Tffi«£ir& 8 -cosis. ia : ;-t:"3 cfc .^;> 7 

fi?U zi>99b. W&m^Wttii (H^H-T) Lt, 3= 

[0 0 4 4] ^CO<fc"5Sj:«ifi*ffilCcfctltf. MOSh7 
>v?X*(07 — K K >M13 4*<«BES*1SX 
fcT*4 1 >"WUS ii28(;, MO S h ^ >>?X^GDV — 
X/KK>ffiffil3 4 h U>^^r /N^>^CO^ffivli 

(DT) 1 2 £fi£*(7)cfco IIC MP?££R I Er£ 
tSffl^toltfc^ffi'rjgBE'rsii&tlitttLT. x?§ 

t^»§:i^§o W7L«ae*<^cMP tR i 

(recess) XS^BT»S<7>tr*t LT, JiJB^^ffiT 
te2®(7)U-fcxXiiTS?t)\ 

[0045] ft^^ft h i 2<n±m-y- 
ffi^f*^^Cct^#^t*^^ii^fti i<D-e, sri* h L/> 

^ (DT) 1 2*#rtLfc«lZ*l*[ffl;fttfffiH (#JA 

«, iooor, 60^) (7)hu>^hi/xiiP7--;^ 

[0 0 4 6] mikCD+H K^^-^yn-t.X 

(Buried strap method ) C^AT-'Fl^iyntX 
(planar surface process) £rffi 1->T ^ fztb (C, U -fe 

[0 0 4 7] *«CC<7)K^O«2 W^JfiWiBffi{C«SH 

^>o ft*, :tibii oft^LHi 2(s^-n j E r n, mj^e 

HI (a) co/\°^ — >^pffi(gI4 J ^ I b - I blftlciftofc 

[0 0 4 8] ^<7)*2(7)*Jfi<7)ig!i(Z < t-5^i£{C*3lr^ 
T, S iSIS2 lOiffiCXb^ + ytibS i 12 8^ 

[0 0 4 9] &IZ. m 1 0[Z^TJ:oiZ, iiffiCS i o 

m««*3 3 muzm-^) (z»jSLfcf4E(iiiHPS 

ffl^TNSWTO^ty^Xt^ + yt^S i 12 8 
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CCDXgTii, mt?.bl>>7-3 0 (H6IZH*) S«B£ 

[0050] eii i iz^-r^oiz. ^miz S i O 

2 915 4&tfS i 3 N-i IKS 5 SriftfBLfctg. S T I flg 
BEffl^l/vX h!5 7 SrJgflcL. Z.<D\sis7s bJS 5 7'£ 
ffl^fc#a»?ttR I EffitIckt)±IEJ£K»5 6&tf*<7) 
TS^S i SS2 1 & 200nmigX7f >yLT, S 
TIfflWH/>5 : 29$Mn. C<Dch#. hU>f 
X y v *<5tL < «c S J: -5 ( Z X y -3=- > y -T S S 

ffittll (surface strap ) 3 5 a*«£fltSft£>. 

[0 0 5 1 ] iifSU^X hI57 *»SLfcf£, 

^ffidS i O2 fl£3 1 SrJftHIL. CMPSCiOBfiL 
T¥-mit~?Z>Z.tlZJ: 0. EI 1 2 C^tcfc^C, SiO 
2 Hi3 1 ^ST I ffl^h[/>f2 9rtiCO^af. CI CD 
CMPffiKcfcSVfflffccBIHfc, S i a N4 BIS 5I1CM 

[0 0 5 2 ] ^<7>»tt, S i 3 N4 815 52i^©T» 
COS i O2 JK5 4 SrHfoSU Xt^^xt^S i 12 8 

itm&m&istzmiz. mrzizms nm<Dmm<Dy- 

mm 3 2 % y- h ^S^if* 3 3 »jaSffl co^ts a -> u n > 

i50nmGDgiJ?GOS 13 N4 rt^fc:*** y 
«S»«3 6*ii8fU 3rSro7X^l^ffl^t:nb + 

<D^m<nj{mi,z£&jj&£mffite<DT\ -^m^m^m 

- hffta^fb^ch lis i 02 MSffli^dtb-ce 

[0 0 5 3 ] C<0*ffi(zJ:oT»ifi$nfc#St«c|2tt3S 
ITli. * ^ U ■fc^M«*iiia-r4W«y U "tr;bcoy 

- h««*#3 3<0T8KlCtt, STIWhl/>f 29rt 
Sffl»SJ;-5(CS i O2 l«3 l7&«»J5ESn, nuaBH 1 iz 

[0 0 5 4] tft^, ^<7)36Sfi<Z>«!B(C«fc-5*ffiIIcfc 

aa-rsRtt^y-t^wy— h«s«*3 3 211m 40 
&mm3 5 <t<om{CHjria<o«t'5«cffi^s 102 13 1 w 

it. m^&y~bmmmfc3 3<ni$£*^/ii/?>x 

[0 0 5 5 ] £6tc> «BB«ttH3 5»rtOfcai>co<> 
Xti^ + yt^S i 12 8 n^t-r-s^x^ajK 

>7 p ^^3£(7)ps(c, y- haHt»fbiit^LTfT5 - 
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K -Hi6 X Pi co fSis ft £ IS) 5 3 t * 5 . 
[0 0 5 6 ] #AXfSSrMSE"rsz>«ZctO, 
tt^K-^zSftfc^aa^ U n>IB2 7/^bXt^ + y 
ir^S ii2 8^<7)^>Ett<^t£ffi[^->c*< W&TZ>®& 
*ft{CcfcOSffi«6tH3 5Kf<iJb*JB«-|=|£ffiE^ 

[0 0 5 7 ] :A(CCl(73feq«(75S3^iej^C0iBffi!;(S-g,.SS 
iS#*££:H 1 3CO^SJ^^#HaL,TI%^-r*o &*3. ^ 
coiai 3tiiffiKHl (a) <r>rt9 — >¥iffiEI^oo I b- 

[0 0 5 8 ] ZO»3<75HjS6<D«fl6{C«tS*ffi-C^ ^ 
.2^*lgO®8Bl;«S*iilC*50^T. ST I CO 1- 
2 9rt£rfflfl&*J::5t;:S i Oi m3 1 £JE2frtL/!:?£lC, 

y- bmmm3 2 ^m^r^mzmitmmwv-'mm^ 

ftTt^MMl 3 5 t, ^^^A^ftTt ^j:^ 
90OXi;^*yt;bS i 12 8 £iiS£fl:i£/£ (oxidat 
ion rate) f^t, SilSSrlttffiftr* C £ (3 

«t0, Xh^^ytikS i B2 8±lCte#j8 nmGOJJgJJp 

oy-Mfigi3 2*<«jsit$ft, ^osis«a)B3 5± 

JZttdftJcOfeM/p^iJpi^ M*tfl5nmgJ8<BS iO 
2 !8 5 8«J5lt$ftS e ^©ftwilii. fglC0^5£c7) 

[0 0 5 9] C<7)»3«)*i6</)iBffi{Cj:-5*ffiTHjS$ 
ftfc#*f«H««BTfi. S i 02&5 8<D&&iZJ: 
0. Bft^^U-feJK^y- h««Wfl:3 3 (Zi5(t*^± 
*-WN°:>^ >^cofI$-, 5§ 2 (D^Sfic^iF^^fCcfc^y^riT:' 
»itSftfcfe<OtJt^T«i^S1t-5C<h7&*'r*S. 

[0060] &izz<D&w<nns4<Dnm<Dj&miz%2>m 

*o «C*3, Cftb0 J 4aCJCg| l 5{ifif/8HHl (a) (75 

a^— >¥ana4i<B i b - i b^ic^o/tWBSjtftjs^^ 
[0061] z<Dm4<Dmm<DBm\z<£z>-jjmz&i,* 

T, S ilfi2 l(7)iI(:xt^ + yt^S i!28^ 
[0 0 6 2 ] §5 1 CO^J5fi<7)/Fy^(Z^tt^ll6 (C^k 

-rxatraetd. s i 02 jess 4&^s 1 3 ms 5 

©?M«<*>*lW + yt;i/S i Jg2 8rt(I-f3j-> 
ttALTffittBS 6*»j«Ofctt. HI 4(I^TJ:^ 

fnJD^X^^^iTj^TiM^f^fb (mini -LOCOS (Local 
Oxidation of Silicon)) £rr -5 Z £ \Z<k 0 . 1£|RH5 
6±CS i Ov 15 4 J;OfcKJ97W5U»S i O2 16 0 
S:aEE&W(IiKJ5tcTS, CCOS i O2 Kl 6 0 <7?BllJ?tt 

[0 0 6 3 ] C(7)?g. B 1 5 (l7T<-rct^(I. S i 3 N 4 
i5 5 ^[^^L, ITf/ilC^l/niZS i 3 N a 8w 6 1 &Jft|fl 
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L, e bC^lCST I MfflWk/X hio 7 5: IB 

Si. 6/xtf*<&TSCc0S i S-E2 1 £ 200nmg/JEx 
£ * . hl/> ^IficSBtt X «v v A < & 3 £ o (I X <y ^ > 

[0 0 6 4] w<Z)», l/y7hl5 7^iJ-l, SI 1 CO 
*J605»SgOJB&<!:H«{i±ffil-S i O2 «l*ifc«L, io 
::coS i O2 C M P SIC J: o TBfS L T¥S{tt 5 
Z£{Z&0, SiOv«6STIffl©H/>f2 9rti: 

i 3 N4 16 1 liX h^/WtLTttfflSnS. 
**<DT«tCttJt«W«»*WO^S i O2 316 0 

^nti^OT. :<7)iiifl-r*y— h««*fftc*5tt-5 

[0 0 6 6 ] ^iC^<7)55M0^5(Dillfi<D»JgtC«-5SS 
£ D Cfl60 1 6W11 7ttlWffiHl (a) CO 

/^->¥ffii^(D i b - i bmzr^~Dfzmmmm&^ 

[0 0 6 7 ] ^OSB5<0*«S0)»»lC«t-5*ffi"Ctt 1 0 

OT, -tOMWH^Bg-rS. f IT> STIffl^hl// 
f 29rtl:S i02 13 1 £iI<£5A^. ^£>f£, 0 1 6 
l:^t=):^i:, y- Mjta&ftBi 5 4 ± (SfctiS iO 30 

2 IKS 8 S$ffl^£ii£l-iS i Ov i5 8±) (C 

6 (SiftSEI3 5) SftllS i02i5 8±l;^: 
<&y- h«tt&ffc«5 4 (SifcttS i O2 «I5 8) €:» 
To 

[0 0 6 8] ±teU^X h/16 2«»iL,fc», 

3 5) icy- h«ftMcfc9M/?0J9t)S i Ov |K 6 3 
8 nm<£>8IJ¥eoy— hlftti3 2 ^ielcT^o C<7)?£oo 

lie, mi<D^i&<DBmAzj:zjj&tfflmu<D'c\ 

[0 0 6 9 ] :(D*5«)*J6a)»»irJ:S»f£T«jfia 

ns¥WfM2ie«BTt>. »«^^e u-fc;K£>y- his 

[0 0 7 0 ] CO)58M«±IELfc»SEifi©»!IHz 
P££ s fc <£>Tli& < Si * <n&Mtf*I f&T'to* z <t 11 so 
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fcrt*, ZttlifffilltflAlSC VD- S i O2 B8I*f«»J^.{JS 

simS/fi^jfiraLfcS:: aoorcofls;;:^!??; :;;«!■■:' -x 

;U-r^:cb T^BlcTS, l>*)ti>£HTO (high lempara 
turc oxide) IKSrfflt^TfcAc^ IWHTOillctsy 

Tte£c< , Xt^^ytii-S i!28>hU>f 1 2 J: 
[ 0 0 7 1 ] 

z ± * s *mmmm m » cx-t- co » a-^ & £ jg flt-r 
[hi] ckbjew^sb i <omm<n)tmiz£&¥-mmzm 

KIB<73W!ifiS:^:L, (a) li 2 fcf «y k'^CO »J -fc H CO 

u-rr^ h£^-tA° 9— >w-mm, (b) lawsing, 

(c) liffiBH. 

[0 2 ] "Hi <75*«<*8E«»H*HiSTSIK(7)fflWcox 

*i£^-ti£ra0 o 

[i3] 0 2<&;fc<OXfi£jFT«B5ia. 
[B4] 0 3OT*<&xg£^TWrffiiig« 

[bis] m4<D*&<DT.m&-*Tww\m]o 

[06] 0 5C^<OX$£^TI^ifiJ0o 

[H7] H6(0^:(DXeS:*TWMiao 

[0 8] H7<O^C<Z)XS€:*t"t)<75T&0, (a) fj/t 
^ — >¥-i(fim. (b) lau&rajH, (c) ttttriliH. 

[0 9] B8tCtt<XH&*"rt>O>T*0. (a) 
^->¥oB0, (b) ttttflSB, (O ttWBSH. . 

[010] C<^^^(D||5 2(D^^W^?i(Cct^#^^He 
tS B <D S it 7j I c «t S X S co rr ffii 0 0 

[0 1 1 ] 0 1 o ©*cDxes*-r»iisi0, 
[012] 01 i (DXcnxmz-^wmm* 
[013] z<nmM<DWj3<nmi&<Dmmiz&&Hmmz 

tB.»fi<o«jfi*aizJ:Sxea)KffiiBI. 

[014] COT|fi^»4(0^)K(75jgai(r c t-2>*«ff«H 

ffi-SSB^Bifi^ffitCctSxewWrBifia. 

[015] 014 w^wxesr^-rwrosia. 

[0 16] C(75|fB^waB5 a)^JKW»!ffiilJ:S^iO«:ffi 
t8 m B w -22 S # f £ 1 1 «t S X ^ co Mr W\ 0 . 
[017] 0 1 6 W^WXffiSrTrcTWrEfiiia. 

1 1 -7yf^ 

1 2-8BH h (deep trench ) . 

1 3 -/tUtimi*. 

2 1 -PIPJOS i -SIC (P -sub) . 
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2 2 ■ 
2 3- 
2 4 ■ 
2 5- 
2 6 ■ 
2 7 • 
2 8- 

2 9- 

3 0 ■ 
3 1 • 
32- 
3 3- 
34" 
3 5- 
3 6- 
3 7- 
38- 
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■■NmcDm^i^m (N-\ve 1 1) 

-*ir/1->^*e«||)| it 
-**Sft-> 'J =3 >M. 
-S i Ov BS. 

-Xt^^yt^S i m, 
■■ST I ffl<D hl/>f, 

••s i ov n> 

•^Sfg^Jf (surface strap ) , 

■A'J7« 
•BPS Gi, 
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* 3 9-TEOSK. 

4 2-tl'y h7f>, 
n 1 -■■ S i Q-> 



2--S i a N T 4 R. 



o 3 -tj z? — i 
5 4--S i O2 gg> 
5 5 - • S i 3 N 4 91 
'0 5 6 

5 7-l/v7 hS, 
5 8--S i O2 Si. 

5 9 - U>?X hJB, 

6 0-S iO^ R. 
61-Sh N4 K 
6 2--U^X KB, 
6 3-S i Ov m 0 



I (col iar oxide) 



[HI ] 



[02] 



33 33 33 33 33 

Ju4o Jlc k ^Ja« _L« 1 




L-rc 



N-well 



P-sub 



25 




-52 
22 



24 
25 
23 



--21 



I 0 I 
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[04] [15] 




[0 7] 

[0 6 ] 




lb) < c ) < b ) lc) 
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[012] 

[HI 3] 
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